ABSTRACT -(Moss diversity in the tropical rainforests of Rio de Janeiro, southeastern Brazil). Moss diversity at various sites in the Tropical Atlantic Rainforest of southeastern Brazil is high, with 338 taxa distributed among 49 families and 129 genera. Comparisons of species richness in the Tropical Atlantic Rainforest in southeastern Brazil suggest that the moss flora is not uniform, and that lowland, montane, submontane, and upper montane Atlantic rainforests have very different moss floras. Montane Atlantic Rainforest has the largest number of exclusive species and the highest species richness, Sub-Montane Atlantic Rainforest has intermediate species richness, while the Lowland Atlantic Rainforest has fewer species. The high diversity of the Montane Atlantic Rainforest could be explained by the diversity of climatic, edaphic, and physiographic changes of the vegetation. Sematophyllaceae accounted for 19% of the taxa in lowland forest, Meteoriaceae for 10% of the taxa in montane forests, and Dicranaceae for 18% of the taxa in upper montane forests. Taxa with broad Neotropical distributions (40% of the total taxa) are important elements in all the forests, while taxa restricted to Brazil comprise the second most important element in upper montane and montane forests.
Introduction
The Tropical Atlantic Rainforest of Brazil extends from the State of Rio Grande do Norte to Rio Grande do Sul in the coastal regions and inland on the mountains and plateau, with high humidity and rainfall. It has been suffering an intensive process of destruction by clearcutting, shifting cultivation and human occupation, and only 1%-6% of the original area (1.2 million km 2 ) persist in a mosaic of isolated fragments (Leitão Filho 1993) . It is the most important ecosystem of Rio de Janeiro State (Fundação SOS Mata Atlântica 2002) , and it has a rich moss flora.
In the southeast region of Brazil the forest extends further inland, where mountains can rise to 2,787 m in Itatiaia (Rio de Janeiro State) and 2,890 m on the Pico da Bandeira (Minas Gerais State). The original vegetation in this region was tropical rain forest, with small enclaves of Araucaria forest at higher altitudes and shrubby vegetation in the lower inland areas. The soils associated with eastern Atlantic Forest are mainly yellowishredlatosols, clayey in texture. They occur in the halforange mountains as well as in the watersheds of the main hydrographic basins. There are also yellowish-red clayey podzols occurring along the valleys in areas having a more pronounced dry season (Fundação SOS Mata Atlântica 2002 , Leitão Filho 1993 .
Regional endemism is high in the Tropical Atlantic Rainforest areas, around 55% for arboreal species and 40% for non-arboreal species (Barros et al. 1991 , Joly et al. 1991 , Mori et al. 1981 , Peixoto & Gentry 1990 .
Most of the bryophytes of the Tropical Atlantic Rainforest are epiphytes and some species grow on living leaves. According to Frahm & Gradstein (1991) , bryophytes may be useful tools for the construction of a general scheme of the altitudinal zonation in tropical rainforests, because they are excellent climate indicators, they comprise rather few species (which facilitates identification), they have wide geographical ranges, and they are a characteristic structural component of the tropical rainforests.
According to Gradstein (1995) , the bryophyte diversity in the Tropical Atlantic Rainforest varies considerably with altitude, both in structure and in floristic composition. This paper is the first to examine the moss diversity in the Tropical Atlantic Rainforest in southeastern of Brazil, and compares the region's lowland, submontane, montane, and upper montane moss floras. The approach is similar to that of studies carried out in other tropical rainforests (Gradstein & Salazar-Allen 1992) . Some recent floristic studies have been done by the first author with the mosses of the Atlantic Rainforest in Rio de Janeiro State (Costa 1995 , 1999 , Costa & Yano 1995 .
Material and methods
The taxa are from four different sites in the Atlantic Rainforest of Rio de Janeiro State: Poço das Antas (Silva Jardim), APA-Cairuçu (Parati), Nova Friburgo, and Itatiaia. Floristic inventories were conducted randomly by the first author at the first three sites between 1986-1993, and the data for Itatiaia are from the literature and herbarium records.
The vegetation classification applied to Atlantic Rainforest is that of Veloso et al. (1991) , where Lowland Atlantic Rainforest = 0-50 m; Submontane Atlantic Rainforest = 50-500 m; Montane Atlantic Rainforest = 500-1,500 m; and Upper Montane Atlantic Rainforest > 1,500 m. All the taxa were separated per altitudinal intervals according to classification of Veloso et al. (1991) , being diversity and composition analysed per interval.
Floristic similarities between forest formations were calculated by means of the Sørensen Index of similarity. To estimate the real number of taxa per altitudinal interval from the observed number of taxa, the nonparametric S chao estimate was used (Chao 1984 ). Chao's estimator is S chao = S obs + F 1 2 /2F 2 , where S obs is the number of observed taxa, F 1 = the number of taxa with one record, and F 2 = the number of taxa with two records (Colwell 1997) .
The classification for mosses is that of Buck & Goffinet (2000) . The nomenclature follows Crosby et al. (1999) .
All the samples collected are deposited at the herbarium RB, with duplicates to other herbaria on exchange. Study areas in Rio de Janeiro State -Poço das Antas is an important wildlife refuge of Lowland Atlantic Rainforest, comprising about 5,000 ha, 40% of it degraded and in distinct successional stages. The elevation ranges from sea level to 205 m and defines a vast plain subjected to phreatic or river flooding. Annual local rainfall averages approximately 1,600 mm annually. Rounded hills emerge from these floodplains, the highest ones reaching 205 m. Mean temperature is 22 ºC, ranging from 8 ºC to a maximum of 30-32 ºC (IBDF 1981) . Bryophyte cover is poor, the species are inconspicuous and mostly restricted to the canopy. Eighty six specimens of 37 taxa in 27 genera and 16 families were collected during three field trips carried out in 1994 (Costa 1999) .
The "Área de Proteção Ambiental de Cairuçu" (Parati) is an important protected area of Submontane and Montane Atlantic Rainforest in the "Serra do Mar" range in southern Rio de Janeiro State, comprising about 33,800 ha. The elevation varies between 800-1,200 m above sea level, with the highest peak reaching 2,000 m. Air humidity averages 80%. Annual local rainfall averages 1,500-2,000 mm. Mean temperature is 22 ºC, ranging from 8 ºC to a maximum of 38 ºC (Conti et al. 1987) . Bryophytes are abundant on tree trunks and branches. Two hundred and twenty specimens of 81 taxa in 44 genera and 20 families were collected during four field trips carried out between 1990 and 1991 (Costa 1997) .
Nova Friburgo is an area of about 93,300 ha in the Montane and Upper Montane Atlantic Rainforest, in the "Serra dos Órgãos" range. Elevation varies between 850-2,000 m above sea level, with the peak reaching 2,200 m. Air humidity averages 83%. Local rainfall averages 1,500 mm. Mean temperature is 25 ºC, ranging from 9 ºC to a maximum of 27 ºC (Brasil 1970) . Bryophytic vegetation is luxuriant, and the tree trunks, branches and terrestrial layer are covered with a dense layer of bryophytes, including many robust and pendant species (Meteoriaceae, Pterobryaceae). A total of 514 specimens of 152 taxa in 77 genera and 34 families were collected during twelve fields trips carried out in 1986 -1990 (Costa 1995 .
Itatiaia is the first national park of Brazil, and an area of the Montane and Upper Montane Atlantic Rainforest in northwestern Rio de Janeiro State, in the "Serra da Mantiqueira" range. It comprises about 30,000 ha, 22º19'-22º45' S and 44º45'-44º50' W. Elevation varies between 600-2,787 m above sea level, with the highest peaks reaching 2,408 m (Cabeça do Leão), 2,500 m (Dois Irmãos), and 2,787 m (Pico do Itatiaiaçu). Air humidity averages 85%. Local rainfall averages 2,100 mm (Hueck 1972 ). Mean temperature is 11 ºC, ranging from 6 ºC to a maximum of 27 ºC (Brade 1956 , Hueck 1972 , Pádua & Coimbra Filho 1979 . The aspect of the bryophyte vegetation is similar to that of Nova Friburgo. Floristic data for Itatiaia are from Dusén (1903) , Frahm (1991) , Müller (1898) , Reese (1993) , Schäfer-Verwimp (1992) , Schäfer-Verwimp & Giacontti (1993) , Schäfer-Verwimp & Vital (1989) , Yano (1992) , and from the RB herbarium. A total of 273 samples were studied to Itatiaia. In total, 203 taxa in 95 genera and 42 families of mosses are found in Itatiaia.
Specific questions addresses here are: Does the species richness increase along an altitudinal gradient? Does the number of exclusive taxa increase along an altitudinal gradient? Does the number of endemic taxa increase along an altitudinal gradient? Can the moss flora be used to characterize the elevation belts in the Atlantic rainforest of southeastern Brazil? Could be some species considered indicators for different tropical Atlantic rainforests in southeastern Brazil?
Results and Discussion
Total diversity -In total, 338 taxa of mosses in 123 genera, and 49 families have been identified from the four study areas. We recorded, per altitudinal intervals, 68 taxa in Lowland Atlantic Rainforest, 90 taxa in Submontane Atlantic Rainforest, 202 taxa in Montane Atlantic Rainforest, and 161 in Upper Montane Atlantic Rainforest (table 1). The generic diversity is also high (123), with 55% (68) being represented by only one taxa.
The differences observed in the floristic composition in the tropical rainforests of Rio de Janeiro seem to be related to habitat heterogeneity due primarily to topographic relief, which is in agreement with the conclusion of Churchill (1991) . According to Churchill (1991) , in the Neotropics, high diversity is related to habitat heterogeneity coupled with vegetational zonation. For this reason moss species diversity is related with the dramatic topographic relief found in this region (Churchill et al. 1995) . Floristics -In terms of number of taxa, Dicranaceae (45 taxa), Pilotrichaceae and Sphagnaceae (24 taxa), Sematophyllaceae (22 taxa), and Meteoriaceae (21 taxa), account for 40% (136 taxa) of the total taxa (table 1) . Six taxa (9%) are exclusive to Lowland forest, and 9 taxa (10%) to Submontane forest, whereas 102 taxa (50%) were found only in the Montane forest, and 90 taxa (56%) are exclusive to Upper Montane forest (figure 1). The Montane and Upper Montane forests have the largest number of exclusive species. Similar results were obtained by Gradstein & Salazar-Allen (1992) in a montane rainforest in Panama. Many families found in the Upper Montane forest are lacking in the Lowland forest (e.g. Andreaeaceae, Bruchiaceae, Catagoniaceae, Ditrichaceae, Entodontaceae, Hypopterygiaceae, Miniaceae, Phyllogoniaceae, Polytrichaceae), in the Montane forest (e.g. Andreaeaceae, Splachnobryaceae and Symphyodontaceae), and in the Submontane forest (e.g. Andreaeaceae, Bruchiaceae, Catagoniaceae, Ditrichaceae, Entodontaceae, Ephemeraceae, Funariaceae, Grimmiaceae, Mielichoferiaceae, Mniaceae, Rigodiaceae, Seligeriaceae, Sphagnaceae, Splachnaceae, and Symphyodontaceae).
Sematophyllaceae is the largest family in the Lowland and Submontane forests, fifth in importance to Montane and Upper Montane forests. Dicranaceae is the largest family in the Montane and Upper Montane forests. Meteoriaceae is an important family to Montane forest but its importance decreases significantly in the Lowland forest because this family has predominantly pendent species that require lower temperature, higher light levels, and higher air humidity not found in the lowland (Richards 1984) .
Some genera have their highest diversity in Submontane forest (e.g. Calymperes, Callicostella), in Montane forest (e.g. Bryum, Campylopus, Leucobryum) or in the Upper Montane forest (e.g. Breutelia, Bryum, Campylopus, Fissidens, Schlotheimia, Sphagnum) .
Nine taxa were common to four sites (figure 1): Chrysohypnum diminutivum, Fissidens zollingeri, Neckeropsis undulata, Pilosium chlorophyllum, Pilotrichella flexilis, Plagiothecium novogranatense, Sematophyllum subsimplex, S. swartzii, and Thuidium recognitum (2.6% of the total taxa). Meanwhile, 30 taxa were common to three sites (8.9% of the total taxa) and 97 taxa were common to two sites (28.6% of the total taxa). General distribution patterns -Analysis of the species distributions showed ten distribution patterns: widespread (57 taxa), pantropical (17 taxa), Holarctic (1 taxa), Southern Hemisphere (1 taxa), Afro-America (7 taxa), tropical and subtropical America (27 taxa), neotropical (125 taxa), southern South America (4 taxa), disjunct: Neotropics-India, Northern and Southern hemisphere, and Brazil-India (3 taxa), and endemic to Brazil (95 taxa). Taxa with broad neotropical distributions comprised about 37.1% of the total, those restricted to Brazil about 28.2%, and widespread about 16.9% (table 2) , which is similar with the results found by other authors for tropical rainforests (Gradstein & Salazar-Allen 1992 , Gradstein et al. 1989 .
In Hedwigidium integrifolium, and taxa restricted to Brazil (23%) include Mittenothamnium submacrodontium. In the upper montane Atlantic rainforest, taxa restricted to Brazil (33%) include Breutelia grandis, while Neotropical taxa (32%) include Campylopus capitulatus, and widespread taxa (18%) include Sphagnum capilifolium. It thus appeared that in the lowland, submontane and montane floras, species are usually widespread in the Tropical America, while the upper montane forests contain more taxa with restricted distribution. This is in agreement with the pattern in the Colombian Andes (Gradstein et al. 1989) . Species richness -The total number of species in each elevational interval supports the notion that tropical Upper Montane and Montane forests are more diverse than the Submontane and Lowland forests (Richards 1984) . The differences observed in the moss taxa richness for the four sites analyzed probably are due to habitat heterogeneity coupled with the vegetational zonation provided by topographic relief (Churchill et al. 1995) .
The highest diversity is found in Montane and Upper Montane forests (202 and 161 taxa, figure 1), and may be explained by the higher rainfall, humus-rich soils, greater topographic relief, constantly high air humidity, The intermediate taxa diversity found in the Submontane forest (90 taxa, figure 1), could be explained by the intermediary conditions of this forest.
The high taxa richness of the forests above 500 m supports the notion that the Tropical Montane and Upper Montane forests have more moss taxa than Lowland forest under some conditions (Churchill et al. 1995 , Vitt 1991 .
The richness of mosses in the four altitudinal intervals ranged from 41-93 to the genera and 68-202 to the taxa (table 3) . The highest richness is found in the Montane (93 genera and 202 taxa) and Upper Montane forests (77 genera and 161 taxa), and the lower in the Lowland forest (41 genera and 68 taxa). The Submontane forest (50 genera and 90 taxa) has intermediary richness. Using the nonparametric S chao estimate, to extrapolate the real number of taxa per altitudinal interval from the observed number of taxa, we found that the real number is almost the same the observed number in the Lowland and Submontane forests, although is underestimated in the montane and Upper Montane forests (table 4) .
It appears that in the Atlantic Rainforest of Southeastern of Brazil, high moss diversity commences in the montane zone between 500-2,700 m. According to Churchill et al. (1995) , Frahm & Gradstein (1991) , and Gradstein (1995) , the causes of the change with the elevation of epiphytic bryophytes in the tropical rain forests are incompletely understood, and altitudinal related climatic factors such as the frequency of fog, high air humidity, air temperature or light intensity in the forest, or combinations of these factors, have been considered important. Taxa × vegetational formations -Some taxa are here considered useful for the construction of a general scheme of the altitudinal zonation in the Tropical Rainforests in Rio de Janeiro, in another words, a characteristic structural component of the different vegetational formations along the elevational gradient (mainly based on the elevation ranges and geographical distributions Table 3 . Comparison of the moss floras at the four forests. Boldface = number of taxa and genera at each site; without boldface = number of taxa and genera in common between pairs of sites; italics = indices of similarity (Sørensen coefficient). Sites. 1 = lowland forest; 2 = submontane forest; 3 = montane forest; 4 = upper montane forest. (Tax. = taxa; Gen. = genera). 
